The role of gram-negative bacteria in lethal toxicity induced by mycoplasmas in mice was examined. Attempts to isolate significant numbers of walled bacterial forms from the blood and peritoneal cavity of mice given injections of > 10 1 0 cfu of Mycoplasma [ermentans, strain KI0, failed. The limulus amebocyte Iysatecoagulation test also failed to detect a positive endotoxemia, although some nonspecific reactions or false-positive results were noted when concentrated suspensions of Mycoplasma were tested. M. [ermentans, strain KIO, was capable of inducing the signs and histopathology normally associated with lethal toxicity in germ-free mice. These data support the conclusion that lethal toxicity in mice includes some of the same biological responses seen in endotoxic shock, but the condition is actually a distinct experimental disease caused by infection with Mycoplasma.
Lethal toxicity was recently described as a new experimental disease induced by strains of Mycoplasma [ermentans isolated from patients [1, 2] . Inbred BALB mice given ip injections of approximately 10 1 0 cfu of M. [ermentans, strain KI0, exhibited a syndrome with characteristics similar to those of shock. Since many of the biological effects noted in this disease resemble those associated with endotoxic shock [3] , it was considered appropriate to examine the role of gram-negative bacteria in lethal toxicity. It was conceivable that Mycoplasma so altered the gastrointestinal tract that portions of the normal flora entered the circulatory system and that Mycoplasma thereby precipitated a true endotoxemia. Described below are attempts to define the function of indigenous endotoxin-bearing bacteria in the pathogenesis of lethal toxicity induced by mycoplasmas in mice.
Materials and Methods
Mycoplasma. The sources of M. [ermentans, strains K 10 (toxic) and PDMF (nontoxic), and methods of cultivation have been described elsewhere [1, 2, 4] . Organisms in Murphy broth were collected by centrifugation at 12,000 g for 45 min and resuspended in phosphate-buffered saline (PBS, pH 7.0) before injection.
Mycoplasma pneumoniae, strain FH, was obtained from Dr. J. Tulley (National Institutes of Health, Bethesda, Md.). The remaining species were purchased from the American Type Culture Collection: ATCC no. 14192 (Acholeplasma laidlawii ) and ATCC no. 14027 (Mycoplasma hominis). Cultures (100 ml) in standard Hayflick's broth [5] were incubated for seven days at 37 C. Cells were collected by centrifugation at 12,000 g for 45 min and were washed twice with 100 ml of endotoxin-free saline. The final pellet was resuspended in 10 ml of endotoxin-free saline and was tested for the presence of contaminating bacteria with blood agar and nutrient agar (aerobic and anaerobic) and thioglycollate broth. Lack of growth after incubation for three days at 37 C was interpreted as evidence that no bacterial species besides Mycoplasma was present in detectable numbers.
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Mice. Conventional (BALB) and germ-free (CD 1) mice (Charles River Breeding Laboratories, Wilmington, Mass.), all 21-28-day-old females, were used. Germ-free mice were housed in a plastic film isolator equipped with a paraacetic acid lock and were maintained with standard axenic techniques [6] .
Bacterial isolation. Infected mice were sacrificed by cervical dislocation. The chest and peritoneum were surgically exposed after swabbing of the ventral surface with 70% ethanol. The intestinal area was swabbed with a sterile cotton-tipped applicator stick, which was then used to streak a pair of nutrient agar plates (Difco, Detroit, Mich.) incubated at 37 C, one aerobically and the other anaerobically (95% N 2 and 5% CO 2 ) . One milliliter of blood was withdrawn directly from the heart into a sterile syringe. The blood was added to a sterile tube containing 10 units of heparin, and the erythrocytes were removed by centrifugation at 1,600 g for 5 min. The following media were then inoculated with the supernatant fluid: Murphy mycoplasma agar, sheep blood agar, and nutrient agar. Samples on all three types of agar were incubated at 37 C in an atmosphere of 95% N2 and 5 % CO 2 ; other samples on sheep blood agar and nutrient agar were incubated aerobically at 37 C; and a tube of thioglycollate broth (Difco) was incubated at 37 C.
Limulus assay. Samples were processed as recommended by Reinhold and Fine [7] and Martinez-G et al. [8] . The reaction mixture consisted of 0.1 ml of treated plasma and 0.1 ml of limulus amebocyte lysate (generously supplied by Dr. Jacob Fine, Harvard Medical School). After incubation in sealed tubes for 60 min at 37 C, gelation or a significant increase in viscosity constituted a positive or partial reaction, respectively.
All solutions directly involved in the limulus test were autoclaved at 18 lb per square inch for 2 hr to render them free of endotoxin. Similarly, all glassware was rinsed in distilled, deionized water and autoclaved at 18 lb per square inch for 60 min. The glassware was then baked overnight in a dry, hot air oven at 130 C before use. A positive standard for the assay was prepared from Escherichia coli (0127: B8) lipopolysaccharide (Difco, lot no. 581337). The lipopolysaccharide was dissolved in pyrogen-free water at a concentration of 1 ug/rn! and was stored at 20 C until used.
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Histopathology. Animals were sacrificed by cervical dislocation, and selected tissue samples were immediately removed and fixed in 10% buffered formalin, pH 7.0. Samples were imbedded in paraffin, sectioned, and stained in the standard manner with hematoxylin and eosin.
Results

A ttempted isolation of gram-negative organisms.
Three groups of eight mice were given injections of Mycoplasma, and samples of peritoneal fluid and blood were examined for the presence of gram-negative bacteria. Animals in group 1 were given an ip injection of 1 ml of PBS containing 3.4 X 10 10 cfu (.--1 LD50) of M. fermen tans (KI0) for induction of lethal toxicity. Group 2 received 2.0 X 10 9 cfu of M. fermentans (PDMF) for evaluation of the response to high doses of nontoxic M. fermentans. PBS (1.0 ml) was given to Group 3 for evaluation of the effect of the manipulations and injections. Samples were collected and plated as described previously.
With few exceptions, no gram-negative bacteria were detected outside the intestinal tract (table 1) . In group 1 two animals had positive cultures on nutrient agar incubated aerobically. One sample, a peritoneal swab taken 8 hr after injection, yielded a single colony of gram-negative coccobacilli, while another, taken at 24 hr, yielded an identical culture. In group 2 one peritoneal swab taken 16 hr after injection yielded 13 colonies of gram-negative coccobacilli on nutrient agar incubated aerobically, while a plasma sample taken 24 hr after injection yielded three colonies of gram-positive cocci on blood agar incubated aerobically.
Limulus assay. The limulus amebocyte lysatecoagulation assay can detect minute amounts of endotoxin in body fluids. Blood samples from mice given an ip injection of toxic or nontoxic M. fermentans were monitored at various times with this coagulation tes1.
Results in positive (E. coli lipopolysaccharide at a concentration of 10-3 ug/rnl ) and negative (PBS) controls indicated that the assay was operative. Samples of plasma from mice given M. fermentans, strain KI0 (3.4 X 10 10 cfu, lethal toxicity positive), M. fermentans, strain PDMF (2.0 X 10 9 cfu, lethal toxicity negative), or saline (1.0 ml of PBS, negative control) were collected after 8 hr (from three mice that received each type of injection) , 16 hr (three mice each), and 24 hr (two mice each). All of these samples were negative in the limulus assay.
It was noted, however, that large doses of M. fermentans cells (either KIa or PDMF) gave a positive result when assayed in vitro. Washed cells of M. fermentans (KIa) at a concentration of 2.2 X 10 9 cfu/rnl gave positive reactions, whereas a 1: 2 dilution gave a weak reaction, and dilutions of~1: 4 gave negative reactions. The media supernatant and saline wash solutions gave weak reactions, indicating that the positive responses observed with high cell concentrations were probably not due to a contaminating component in the media.
The positive results in the limulus assay noted with cell concentrates of M. fermentans prompted an examination of otlier species of Mycoplasma. Cells of M. pneumoniae, M. hominis, Mycoplasma arthritidis, Mycoplasma gallisepticum, and A. laidlawii were collected at the stationary growth phase and were washed twice in large quantities of endotoxin-free saline. The l Osfold cell concentrates (approximately 1 J1g of protein/nil or 10 8 cfu/ml) were uniformly positive in the limulus amebocyte lysate-coagulation test, whereas 10-fold dilutions of the concentrates were negative.
Induction of lethal toxicity in germ-free mice. Data from isolation attempts and endotoxin assays suggested that gram-negative bacteria from the normal flora did not directly cause mycoplasmainduced lethal toxicity. Germ-free mice were employed to verify this lack of participation in the induction of toxicity by walled bacteria.
Sixteen female germ-free mice, strain CDI, were divided into two equal groups. Each animal in the first group was given an injection of 1 ml of approximately 10 10 cfu of washed M. fermentans, strain KIa, and animals in the other group were given 1 ml of PBS. The animals were observed for signs of lethal toxicity and necropsied 'after 48 hr.
Control mice appeared to be normal during the observation period, and no gross abnormalities were noted in necropsy. Infected mice displayed all of the signs associated with lethal toxicity. Several hours after injection they developed roughened coats and a lethargic, huddling behavior. Diarrhea developed several hours later, and the eyes of some animals were matted shut by an exudate. When sacrificed 48 hr after injection, the infected animals (but not the controls) had enlarged spleens, empty caeca, and pale, mottled livers.
A double-blind histological examination of liver, spleen, thymus, and lung tissues indicated that tissue from control animals was essentially normal. Histopathology of the same tissues from infected mice included various types and degrees of necrosis and inflammation. A loss of lymphoid cells, cellular vacuolization, and neutrophil infiltrations were evident in the thymic cortex (figure 1). Infiltrations of mixed inflammatory cells (mainly resulting from neutrophils) were seen in the interstitial areas of the lung ( figure 1 ). In addition, foci of mixed inflammatory cells were found in the liver, and an infiltration of neutrophils was observed in the red and white pulp of the spleen.
Discussion
Experimental lethal toxicity induced by M. fermentans in mice was first described in 1971 [2J. At that time it was noted that the disease elicited many of the same biological responses that are seen in gram-negative sepsis or endotoxic shock. These responses included lethargy, anorexia, diar-rhea, matted eyes, thymic involution, hepatocellular necrosis, and accumulations of leukocytes in alvec1ar septae [1, 2] . In addition, mice could be sensitized to lethal toxicity and endotoxic shock by actinomycin D [2] and other antitumor drugs (e.g., pactamycin [9, 10] ) that display synergism with endotoxins but not with exotoxins.
These similarities suggested that the toxic cells contain either a lipopolysaccharide or a similar compound that causes certain signs and symptoms similar to those of endotoxic shock, or that the cells affect the. gastrointestinal tract and cause leakage of gram-negative organisms of the normal gut flora into the circulatory system.
Attempts to isolate a significant number of gram-negative organisms from the blood and peritoneal cavity were not successful (table 1) . A variety of media and culture conditions were used with normal and infected animals, and no major leakage of organisms was evident. However, one cannot exclude the possibility that an organism with exacting nutritional or environmental requirements not met by our testing procedure may be involved.
The conclusion that the gram-negative bacterial flora did not participate in the induction of lethal toxicity was supported by the results of the limulus coagulation test. This assay is extremely sensitive, can detect minute amounts of endotoxin (l0-9/ml), and yet gave consistently negative results when plasma samples of mice infected with strain KIa were assayed at various times until death. It was significant, however, that concentrated cell suspensions of M. fermentans, along with five other species tested, gave positive responses in this assay. This finding is consistent with the recent report that certain proteins and polynucleotides can also result in positive responses in coagulation tests [11] . However, in view of the extremely high concentrations of Mycoplasma required for a positive response (approximately 1 mg of protein/rnl ), it is conceivable that the cells contain only minute amounts of a lipopolysaccharide or a similar compound. This possibility, in addition to the fact that levels of lipopolysaccharide in the blood of mice receiving large doses of Mycoplasma were not high enough to elicit a positive reaction, indicates that Mycoplasma does not interfere with the standard 100-ulus assay. This test remains one of the simplest and most sensitive assays available for the detec- The experiments in which germ-free mice were used (figure 1) showed that lethal toxicity can be induced by Mycoplasma in the absence of a normal, gram-negative bacterial flora. The signs, gross abnormalities, and histopathology were all consistent with a diagnosis of lethal toxicity. These results confirm the conclusion that has been reached by means of the bacterial isolation and endotoxin-detection experiments: i.e., M. fermentans can cause lethal toxicity in mice without the mediation of walled bacterial forms. The precise mechanism of pathogenicity is currently under investigation.
